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The System Around the Product:
Methodologies and Experiences Focusing on Material
and Immaterial Aspects in Design Solutions.

The educational model used in the School of Architecture and Design, based on
problem based learning (PBL) requires that students organise their activities in the
semester working in group on a main project on a general theme. The general
theme for the semester was “System Design”. The model used in this occasion
offered the opportunity to look at system design from an operational perspective, i.e.
in relation to a project, thus giving the possibility to the author of this paper to look at
the design of systemic components from an operational level. Other relevant
contributions to the academic debate on systemic approach to the design
discipline have a more theoretical focus and therefore a different perspective.

Nicola Morelli
Aalborg University

The students involved in the seventh semester of the Industrial design program in
Aalborg had previously worked in two previous semesters on the definition of
technical and esthetical characteristics of industrial products, therefore focusing on
material aspects of design activities. In many occasions, though, systemic aspects
had emerged to describe the context in which industrial products would be used. In
those occasions students had limited the description of such systemic aspects to a
broad definition of a scenario, defined in its main socio-cultural and technical aspects.
The project for the “system design” project was instead to focus on the systemic
aspects around the product, in order to describe them, to represent its main
physical, socio-cultural and time-related aspects, and to organise sequences of
actions, technologies, actors’ contributions and material products in a consistent
way. In other words students were required to define a Product/Service System (PSS).
This paper will illustrate the methodological contributions converging in the semester
activities and provide an overview of the use of such contribution within some of the
students’ projects in the semester. The methodological contributions illustrated in this
paper refer to two main aspects of the systemic context: the actors’ network:
designing in a systemic context requires that the network of actors contributing to
such context is defined on the basis of the influence that each actors may have on
the system configuration; and, the representation of the system in its logical and time
dimensions, i.e. the schematic representation of the sequence of actions in a
products-service system, including indications about actors and their role, spaces
and contexts of use and technologies used by the actors.
For both aspects there are existing contributions from other disciplines. Actors
networks are the focus of several sociological studies ADDIN ENRfu (Bijker, Hughes
et al. 1987; Bijker and Law 1992; Bijker 1995; Law and Hassard 1999). The design
perspective integrates notions and insight coming from such studies with more
design focused contributions from previous and ongoing research projects.
Also the representation of systems’ logical and time dimensions is not new in
disciplines related to engineering, production and management. Some contributions
had already been analysed by the author in previous research studies ADDIN ENRfu
(Morelli 2002), ADDIN ENRfu (Morelli 2003) Others methodologies, such as IDEF0,
have been considered in the development of the project for this semester. Here
again the design focus suggests a different perspective. Designers are familiar to
graphic methodologies to represent the material and technical characteristics of
products, but there is no generally accepted methodology to represent the
immaterial components of design solutions, i.e. the characteristics related to the
service component (time, actions, and organisation). The definition of such aspects
is critical for the correct development of systemic solutions and the choice of correct
tools for such representation is therefore very important. Existing methodologies used
for managing production processes (workflow management, system modelling) may
be used to represent certain logical aspects of systemic solutions, but a design
perspective requires that other material and immaterial characteristics of PSS be
represented in a clear and unambiguous way. The design perspective requires an
integration of such tools to define the detail of design solutions, where such details
refer to material and immaterial, objective and subjective elements of a ProductService system.
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The system around the product: methodologies and
experiences focusing on material and immaterial aspects in
design solutions

Abstract
The design discipline has traditionally focused on products physical aspects, giving for
granted that the context of services, infrastructures and technology will support the
product life. A systemic perspective would revise such a focus, in order to project design
competences over systemic aspects usually neglected by designers.
This perspective shift is a challenge for designers, who have very efficient methods and
tools to handle physical aspects of product design, but need to define an ‘operative
paradigm’ to operate in a systemic context. An operative paradigm consists of a set of
tools and methods to handle immaterial aspects such as time sequences, actors’ role and
logical links in a product service system (PSS). Tools and methods can be borrowed from
other disciplinary contexts, their relevance, though, derives from their adaptation to this
specific study area: designing in a systemic context.
This paper describes a curricular activity focused on the definition of methodologies for
designing in a systemic context. using examples from students’ projects. For a semester
students had to focus on a project of a PSS, borrowing and re-adapting methods from
other disciplines with the purpose of developing their own project. By freely choosing
and adapting such methods students defined their own operative paradigm for designing
in a systemic context.

Text length (excluding notes, biblio and figures): 2951 words

The system around the product: methodologies and
experiences focusing on material and immaterial aspects in
design solutions
1 The logical context
Traditionally, industrial designers have focused their interest and operational activities on
the design of material elements, objects or architecture.
Designers are nevertheless aware that their activity has several systemic aspects,
including the design of immaterial elements related to their products.
No industrial product can be considered as isolated from the economic, cultural, social
contexts in which it is designed, produced and used.
This perspective is not new to designers, who often develop their projects in relation of
“production/consumption scenarios”, in which their products will “live”. However the
extension of the design activity to the systemic components supporting production and
consumption has rarely been considered. Designers, for instance, have rarely contributed
to the development of new services, because this was considered as the domain of other
disciplines.1 On the other hand the design discipline has often avoided focusing on
services, operations, rules and time sequences for innovative systemic solutions.
This new perspective calls for a substantial improvement of designers’ capability to
analyse, represent, understand and modify systemic components that are not necessarily
related to material products. When refocusing on their study area, Designers need to
define a new methodological approach, based on a systemic perspective.
Designers are more and more challenged to represent their solution together with their
context, the network of actors that will shape it and the areas of intersection of actors’
interests in which the solution have more chance to succeed.
Such challenge requires an appropriate toolbox containing new and existing techniques to
be appropriately used in relation to
• a methodological approach that takes into account systemic thinking and
• the specific study area focusing on design in a systemic context
Borrowing Arbnor and Bjarke’s terminology2 it could be said that designers need to
generate their own operative paradigm to deal with PSS in a systemic perspective.
(Figure 1).

1

The main contributions available on service design have been developed in marketing and management
disciplines. Shostack, for instance(Shostack 1982), provides insights for the generation of a blueprint for a
service. Such insights are further developed by Ramaswamy (Ramaswamy 1996) in a more comprehensive
contribution on service design and management. Interesting considerations about the nature and
classification of services have been proposed by Norman (Normann, Richard 2000), Norman and Ramirez
(Normann, Richard, and Ramirez, Rafael 1994), (Eiglier 1977)Eiglier and Langeard (Eiglier 1977).
2
Arbnor and Bjerke (1997) introduce the term of operative paradigm to indicate the capability to
appropriately organise methods to bridge a methodological approach and a study area.

2 Focusing on Systems in the Academic Context
This paper refers to the activities for seventh semester of the Industrial design program at
the School of Architecture and Design at Aalborg University.
The theme for this semester, system design, was developed within the frame of the
Problem Based Learning (PBL) educational model, used at Aalborg University. This
model requires that students address the whole semester activity to a main project on a
general theme. The final project should gather the interdisciplinary contributions from
teaching activities and supervisions.3
The nature PBL offered the opportunity to look at system design from an operational
perspective (i.e. in relation to a project), rather than from a theoretical one.
The students involved in this semester had previously worked in two previous semesters
on the definition and the integration of technical and esthetical characteristics of
industrial products, therefore focusing on material aspects of design activities. In many
occasions, though, systemic aspects had emerged in relation to the context in which
industrial products would be used. In those occasions students had limited the description
of such systemic aspects to a broad definition of a scenario.
The seventh semester focused, instead, on the systemic aspects around the product, in
order to describe them, to represent their main physical, socio-cultural and time-related
implications, and to organise sequences of actions, technologies, actors’ contributions
and material products in a consistent way. In other words students were required to
design a PSS.
The outcome of this exercise was open, it could focus on a product family or series (to be
used in a systemic context) or on immaterial components of a product/service mix. The
assessment criteria for the project referred to the capability to understand and
demonstrate the link between each product/service and its specific
production/consumption system. Such link is therefore a crucial element to be
emphasised in this semester.
The methodological approach proposed in this semester was based on a paradigmatical
assumption: that the systemic context for products and services can be seen as a network
of actors. Their interaction in time and space shapes the PSS. The methodology to be
used in the semester was defined by two points suggested by this assumption:
• The view of the systemic context as a network of actors requires analytical
methods for recognising and describing the actors that shapes the systemic
context and the influence each actor has on the system configuration.
• The need to represent the logical and time dimension of a PSS requires that
operational tools are used to represent the sequence of events and interactions
between actors that define the PSS.
The design perspective integrates contributions deriving from different disciplinary areas
with the specific purpose of designing a PSS. The definition of the methodical procedures
to address this purpose defines an operational paradigm for designers working in a
systemic context. The following chapters will focus on such procedures.

3

For more detailed information on Project Based Learning at Aalborg see (Kjersdam 1994), (Kofoed
2001) and (Kolmos 2004). The contributions of H. Kiib, M. Mullins and M.A. Knustrup in the last
reference are specifically related to the experience at the school of Architecture and Design in Aalborg.

2.1 The systemic context as an actors’ network
The development and selection of new solutions is strongly influenced by the actors
participating in such process (Bijker, Hughes et al. 1987), (Bijker 1995). Such actors
include animated entities (such as companies, designers, users and suppliers) and
unanimated factors (such as regulations, technologies and other products and services
used in the same production and consumption system).4
In this context, the role of the designer consists of analysing the socio-technical context
and propose solutions that interpret and address the different logics converging in the
system (Morelli 2002b, a, 2003). The identification of relevant actors and social groups is
critical to the definition of the PSS.
Bijker et al. (1987) specify that relevant social groups are not only those groups that
actively participate to the development of the product-service system, but also those
groups and actors that indirectly participate in such a process or even those actors that
may oppose to the product-service system. Such a perspective helps defining a complex
picture of the scenario in which the PSS is supposed to be developed.
The same authors suggest two methods to identify those actors: the first method, called
“roll a snowball” is based on a ‘cascade’ process starting from groups and actors that are
clearly involved in the development of the PSS. By interviewing such groups, other
groups appear to be clearly linked to the development process. The analysis should
include the new groups and go on until no new groups are added to the picture.
The second method, called “follow the actor” is also a cascade process, starting from the
social groups and actors that are more obviously linked to the process. The progression
and addition of new groups is based on the analysis of which social groups and actors
may be considered as relevant by the first group.
Bijker (1995) also provides a framework for the analysis of relevant social groups. Such
framework considers a series of reference parameters each group refers to when shaping
innovative solutions (Table 1).
The use of such methods in the design discipline requires, of course an appropriate
adaptation, in order to be used as an operational tool for designers. Although clearly
inspired to such methodologies, the students in this semester freely used such methods,
adapting those methods to their design needs.

Some Examples from Students’ Work: “My Way”: The actors’ network
shaping a public bicycle trailer service.
This project focuses on a service of publicly available bicycle trailers for temporary use.
The service could be part of a public policy (e.g. it could be a solution to reduce car
traffic in the city centres) or a component of the competitive strategy of a department
store (as an additional service offered to its clients) or an additional service offered by a
bicycle shop.
4

The perspective including unanimated factors among the factors influencing the social shaping of an
artefact has been considered by Law (Law 1987) and Callon (Callon 1987); the author considered this
perspective in previous papers (Morelli 2001, 2002c) referring to human-made artefacts and infrastructure.
This is obviously an abstraction based on the assumption that non-animated products and technologies are,
in turn shaped by other actors. Those actors embedded their cultural values, social attitudes and
technological knowledge in such products, therefore they indirectly contribute to shape the new PSS.

Students were quite familiar with similar systems5. They were also users of bicycle
trailers. The analysis and identification of possible actors, therefore was based on the
existing information, some interviews and personal experience. Students generated mind
maps, in which the main actors, secondary actors and contextual conditions were listed.
(Figure 2).
The list of criteria in Table 1 has been used as a broad framework to describe the actors
involved in this system. However some of those criteria did not apply to this specific
case. The final actors profile was therefore based on a simplified schema, as in Table 2.
The analysis of the contextual condition was also carried out using scenarios based on
existing products: the scenarios were based on a series of use cases on the use of bicycle
trolleys, and shopping trolleys. Use cases represented normal use and possible problems
in using those products.
The analytical phase was followed by a phase of definition of possible systemic solutions.
Every solution was based on a different configuration of the actors’ network. The
configurations were shaped by the actors and their interactions. Figure 3, Figure 4
andFigure 5 illustrate three different scenarios. Each scenario describes the role of the
actors, the contribution to the service and the main advantages for each actor.

2.2 Developing the system, logical dimension, time sequences
and systemic components
The next step concerns the development from a conceptual dimension to an operational
configuration. This implies a reasonably clear definition of the structure of the PSS, the
identification of its main components, the definition of the logical interaction between
such components and the time sequences of them. This passage may be compared with
the product development phase in product design, although the two processes cannot use
the same methods.
A product development procedure assembles physical components according to
functional, mechanical, technological or aesthetic logic. The focus of the process is a
material product, immaterial implications (e.g. esthetical, communicational values) are
considered, but only in relation to the material components of a product and in relation to
its production and consumption system.
The development of a PSS, on the other hand, includes the definition of immaterial
components (time sequences, organisational and logical structures, service features).
Very little knowledge exists in the design discipline on how to control such components.

2.3 Focusing on the study area: the concept generation
workshop
A workshop at the beginning of the semester focused on qualities of the design solution
by defining its social and cultural values. In this workshop students explored the links
between visions and material elements of the system. The workshop was based on the
pyramid proposed by Lerdahl (Lerdahl 2001) (Figure 6).6
5

A public citybyke service is available in the central areas of Copenhagen and Oslo, other cities in Norway
and in Belgium offer the same public service)Further information on this service can be found at the site
http://www.bycyklen.dk/engelsk/frameset.html
6
The workshop procedure is illustrated in a recent PhD work by Tollestrup (Tollestrup 2004)

The pyramid represents 4 levels of abstractions from production and product details to
the overall visions generated at the corporate level. The horizontal and vertical
exploration of such a pyramid allows for a contextualisation of the concept solution and a
definition of values and visions that will guide the design process. Both visions and
values were represented through a keyword and a qualitative description of the vision.
Pictures were also used for qualifying the vision. This phase was developed as a five days
workshop, at the end of which students had to represent their values and visions, possibly
miming them in front of their colleagues.
Value statements were further developed in mind maps, which generated more detailed
requirements for the PSS. (Figure 7)

2.4 Defining the structure: IDEF0
Once defined, the concept needed to be thoroughly explored, in order to understand all
the phases in which the designer’s intervention was required.
Different tools were proposed to the students, to manage the new dimensions related to
the systemic approach. System engineers use IDEF0 (Integration definition for function
modelling) in order to model the functions (activities, actions, processes, operations)
required by a system or enterprise, and the functional relationships and data
(information or objects) that support the integration of those functions (Idef0 1993). The
model allows for a progressive detailing of the functions and actions in the system, while
keeping the link between each element in the system.
A model of a system, using IDEF0, starts from the functional definition of the system,
together with its inputs, outputs, control conditions, actors and post-conditions (Figure 8)
A progressive detailing of the functional process is possible by ‘opening’ the box in
Figure 8, in order to specify functional elements that compose it, as in Figure 9. Figure 10
reports an example of using IDEF0 to detail the project on a bicycle trailer system.
The use of IDEF0 in the design of a PSS offers the possibility to analyse the various
phases and elements of the system, emphasising its crucial components (products or
services).
Being a support for industrial system, IDEF0 is very effective to describe a well
structured sequence of functions with a limited range of alternative paths. However, in a
broader context including social factors this modelling tool may become too complex, at
least in the disciplinary context of industrial design.

2.5 Detailing the project: scenarios and use cases
While IDEF0 was critical for a broad understanding of the structure of the PSS, the
inclusion of other social behavioural factors should be possible by using a faster
procedure, which may not be able to offer the full picture of the system, but provides a
better understanding of critical paths.
A useful procedure consists of the definition of use scenarios and the development of use
cases. Scenarios and use cases are used in information technology to develop the
architecture of information systems. (Kulak and Guiney 2000; Leffingwell and Widrig
2000).
The development of scenarios is based on the actors’ profiles and on the possibility that
different actors be involved in different configurations of the PSS. Each scenario is

composed by a number of descriptions of events (use cases) that describe the details of
sequence of action for each function included in a scenario.

Examples from students’ work: “Trancity” Use of Scenarios and Use Cases
for a Car Sharing System
This project focuses on the design of a car sharing service for the city of Oslo. Use cases
were used to elicit the requirements for material details and the organizational structure
of the service.
Use cases were described in a diagrammatic way, that showed the flow of events, actors
involved, pre and post-condition for each use case and alternative paths. The graphical
description also includes further information such as the space in which each action takes
places and other actions beyond the line of visibility of the service (e.g. procedures and
infrastructures that are essential for the service, but do not need to be perceived by a
normal user). (Figure 11)
Use cases provide a detailed representation of:
• The network of actors participating to the PSS and their relationships
• The list of requirements for each phase of the service
This tool provides a clearer picture of who is doing what in the PSS and what are the
mutual relationships between the actors. This representation may also include different
layers of interaction (service, providers, infrastructure) that clarify the level of
intervention in the development of the PSS. (Figure 12)
The list of requirements emerged by focusing on each function (e.g. registration or
booking) and each locations (e.g. the parking place). The requirements clearly
emphasized the design details to be addressed.
In some instances the use case representation refers to a well defined logical system (e.g.
user registration and system database updating) that could be analysed again with an
IDEF0 procedure.

3 Conclusive remarks
The activity in this semester can be evaluated from two perspectives.
The first perspective focuses on the methodology: it concerns the validity of methods and
tools used in this semester.
According to Arbnor and Bjerke (Arbnor and Bjerke 1997) a method can only be defined
on the basis of a methodological approach and a specific study area. The definition of
such methods in this context represent the operative paradigm this design exercise aimed
at developing. (Figure 14).
This perspective implies that there is no such thing as “the best method” for the design
activity. Each project (defining a study area) requires specific investigation and operative
tools.
Methods and tools illustrated in this paper are supposed to be used in different ways,
according to the specific project needs. Students were free to use (or not use) any of those
tools. Furthermore, tools were sometimes adapted to a specific design scope.

The second perspective concerns the design outcomes. At the beginning of the project
students had doubts about the possibility and the opportunity that designers work on
immaterial elements. Furthermore, they could not see the utility of considering the system
around the product.
The development of each project emphasised that the systemic perspective was in fact
critical. The groups who focused on material products had the opportunity to compare
their first sketches of the products included in the PSS (focused exclusively on products
technical and esthetical requirements) with the final definition of the same products
(developed in a systemic perspective). This comparison emphasised the relevance of the
systemic perspective, even for the design of material details.(Figure 15 and Figure 16).
The experience described in this paper should be considered as the first stone of a wider
work based on both research and teaching experiences. This teaching experience was
quite short in relation to the extension of the theme. Students only had 14 weeks to
develop the project, although the PBL approach helped them focusing and accelerating
the elaboration of the project.
From the perspective of design research, this work was a good test to verify the
effectiveness of previous research experiences undertaken by the supervisors. The
exploration of methods and tools in this paper is not meant to be exhaustive but it is
rather aimed at opening the debate about the relationship between the theoretical
development of system thinking in the design area and the definition of operational tools
to operate in a systemic context.
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Tables and figures
Tables
Goals
Key problems
Problem solving strategies
Requirements to be met by
problem solving strategies
Current theories

the needs each group wants to satisfy in relation to specific activities
the problems perceived to be relevant in relation to specific activities
the strategies considered admissible and effective in solving the main
problems
admissibility and effectiveness criteria for problem solving strategies

theoretical knowledge supporting the activity of each group in setting
goals, identifying and selecting problems and proposing admissible
problem solving strategies
practice based knowledge upon which each group relies to set goals,
Tacit knowledge
identify and select problems and propose admissible problem solving
strategies
procedures used to evaluate the effectiveness of each problem solving
Testing procedures
strategy
Design methods and criteria methods and parameters used for proposing technological solutions to
emerging needs
users attitudes towards existing solutions to the present needs
Users’ practice
products, services or sets of functionalities each group believes to be
Perceived substitution
replaced by the proposed PSS
function
products and services that are used as models in developing new
Exemplary artifacts
solutions. Often deriving from the perceived substitution function
Table 1 Framework of criteria for the analysis and individuation of relevant social groups (adapted
from Bijker 1995)
ACTORS

DESCRIPTION

MAIN AIM

RELATIONS

Distributors

The distributor of product in a
system of simple transportation
in the city

The distributors are interested
in selling their products, by
making them more affordable.
Their aim is to fulfill users’
needs while generating their
own profits

Users

The main users are people
included in the target group

Users need to transport goods
through the city. An expanded
target group expands the range
of requirements for accessing
the system

Shopping centres
Employees

Employees in the shopping
centres where goods are bought

Easy handling products parts,
which affects their work
conditions

Distributors are providing the
product to users. They choose
which products are available
and guide users before
purchasing. They often take
care of maintenance and
reparation
Users benefits from the system
by satisfying his/her needs for
goods transportation. The user
would be in the centre of the
system, having some
interaction with almost all the
actors
Interaction with several
products used for simple
transportation.

Table 2 “My way” (C.Rantzau, D. S. Jepsen, M. V. Nielsen, A. H., M. S. Thomsen): The actors and
the system: a simplified analysis.

FIGURES
Ultimate presumptions:
reality as a system

Paradigm:
Systemic Thinking

Theory of science

Methodological approach
Design in a systemic
perspective
Operative paradigm
???

Methodology

Study area
Design of PSS

Figure 1 The focus of the 7.semester ID activity in Arbnor’s logical framework

Figure 2 “My Way”: Actors and contextual conditions for a public bicycle trailer service
Bicycle shops could provide the service by lending out or selling products for simple transportation. The
shop would be the centre of exchanging products, and making the necessary up keeping of the products.

Profit would be the
stimulus of the shop, while
the user would pay to rent
or buy the product to fulfill
needs. This would to some
extend call for more cycles
in the city centers.
All other actors would be
passive, and would only be
influenced by the new
service.

Figure 3 “My Way”: System concept 1: the service is offered by a bicycle shop.

Shopping centres
could provide the
rental service, with the
aim of supporting
sales. The customers
could rent or lend the
trailer to carry more
goods. Shopping
centres in fringe areas
would particularly
benefit from this
service.
The service would
extend the use of
bicycles as
transportation mean,
thus reducing car
traffic. Other actors,
passively participating
to the system, would
benefit by the service.
Figure 4 “My Way”: System concept 2: The service is provided by shopping centres

Local authorities could
administrate a system
much like the citybicycle services offered
in some European cities.
This would increase the
use of bicycles for
transportation and reduce
automotive traffic in city
centres
The authorities set a
large amount of money
aside for these projects.
Therefore this solution
will be very realistic,
especially in Denmark
where the experiences
with public founded
campaigns have been
successful.
Figure 5 “My Way”: System concept 3: the service is promoted by the local government

Figure 6 Lerdhal's pyramid model on vision based methodology (source (Lerdahl 2001)

Figure 7 Further detailing of value proposition (in this case customisation of a train ticketing service)

Figure 8 Basic representation of a functional phase in IDEF0

Figure 9 Detailing functional components in IDEF0

Figure 10 "My Way" use of IDEF0 for detailing the system

Figure 11 “Trancity” (H.Nielsen, C.Broe, M. K.Thomsen, H. Paus): Schematic representation of a
use case for a car sharing service.

Figure 12 “Trancity”: The actors involved in a car sharing service

Figure 13 “Trancity”: graphic representation of requirements for a use case of a car sharing system

Methodology

Methodological
approach: design in
a systemic context

Operative paradigm:
• Actor network
analysis
• Concept generation
workshop
• IDEF 0
• Scenarios and use
cases

Study area: design
of PSS for
transportation

Figure 14 Use of techniques in relation to a methodological approach and a study area (adapted from
(Arbnor and Bjerke 1997)

Figure 15 "My Way": Firts sketch of the bicycle trailer (for private use)

Figure 16 "My Way": Last definition of the bicycle trailer (as part of a PSS)

